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INTRODUCTION
Polyploidy is a common phenomenon in the evolution of angiosperms. High ploidy level taxa account for up to 80% of the total number of species in many families, especially in the monocots (STEBBINS 1950 (STEBBINS , 1971 GRANT 1981; MASTERSON 1994; OTTO and WHITTON 2000) . Though most polyploid plant species are believed to be allopolyploids of hybrid origin (STEBBINS 1950 (STEBBINS , 1971 WENDEL 2000) , an increasing number of studies have demonstrated the occurrence of autopolyploidy in many groups of higher plants , 1999 , 2000 GALLOWAY et al. 2003) .
Inheritance patterns are directly influenced by the degree of homology of pairing meiotic chromosome sets, ranging from true diploidized amphidiploids with disomic inheritance to full autopolyploids with polysomic inheritance (STEBBINS 1971; SOLTIS 1993, 2000; WENDEL 2000) . However, intermediate classes of genetic inheritance may involve homeologous chromosome pairs (i.e., segmental allopolyploids; STEBBINS 1947) that do not fit with the expected disomic patterns of the heterologous allopolyploids but that could be mistaken to some extent for a randomized polysomic segregation of homologous autopolyploid chromosomes (STEBBINS 1950 (STEBBINS , 1971 ). Examples of the latter cases have been described in some plant genomes (WU et al. 1992; DE VICENTE and ARUS 1996; LERCETEAU-KÖHLER et al. 2003) . Other inheritance types that depart from typical patterns are rare, such as the heterogametic segregation observed in hemisexual polyploid plants .
Hence, characterizing the mechanisms and patterns of genetic inheritance in polyploids is crucial for evolutionary and population genetic analyses of these organisms. Different models and parameters should be applied to calculate coefficients of genetic variability and structuring of populations, to estimate levels of inbreeding and gene flow, and to infer adaptive changes resulting from intra-or intergenomic interactions (RIESEBERG and DOYLE 1989; OLSON 1997; RONFORT et al. 1998; WENDEL 2000) . Population structure parameters have been modeled for autotetraploid plants based on theoretical and simulated calculations (MOODY et al. 1993; RONFORT et al. 1998) . Allopolyploids that behave as perfect amphidiploids could be analyzed as double diploids using the genetic parameters described for diploid organisms (e.g., WEIR and COCKERHAM 1984) . It is noteworthy that inheritance patterns and even the nature of the polyploidy could pass undetected in some instances when molecular markers are not variable enough (SEGARRA-MORAGUES and CATALÁN 2002) . In other cases, taxa might have undergone a series of genetically regulated effects, like gene silencing by mutation and divergent sequence evolution, epigenetic and pleiotropic expressions, and mobile element activation, among others, after polyploidization (FORD and GOTTLIEB 2002; LIU and WENDEL 2002; MOCHIDA et al. 2004) . Most of these non-Mendelian phenomena affect coding regions, but changes could also involve non-coding repetitive regions, such as microsatellites (RONG et al. 2004 ).
The investigation of segregation patterns of duplicated loci and of the origin of polyploid species usually involves experimental crosses and progeny tests (STEBBINS although these tests were based on parent-offspring analyses of transmission in two allozyme loci. Inheritance of SSR markers has also been examined in experimental crosses of tetraploid and pentaploid wild roses .
We report here a Bayesian method to discriminate among alternative inheritance patterns in the two extant, tetraploid species of the monocot genus Borderea (Dioscoreaceae), which does not require progeny array tests. Bayesian methods represent one of the best approaches for selecting among competing evolutionary hypotheses (HUELSENBECK et al. 2000 , BEAUMONT and RANNALA 2004 POSADA and BUCKLEY 2004) and can be used to evaluate relative support for competing biological alternatives (GONZÁLEZ-CANDELAS et al. 2003) . They are particularly suited for comparing predictions made from different theories that lead to non-nested models (KASS and RAFTERY 1995) . Specifically, we have used Bayes factors, the marginal likelihood assuming the allotetraploid hypothesis H allo over the marginal likelihood assuming the autotetraploid hypothesis H auto , to summarize the support provided by the data for allotetraploidy vs. autotetraploidy. Likelihood methods have been applied to test alternative mechanisms of inheritance of microsatellite markers in tetraploid plants through simulation analyses of meiotic behavior of bivalents and multivalents (WU et al. 2001) . It is imperative to clarify the genetic inheritance patterns of the tetraploid Borderea taxa in order to perform further evolutionary and population genetic analyses on them. However, as progeny tests are not readily available within Borderea nor feasible for the highly endangered B. chouardii, and there are no living diploid relatives of these species, we have conducted a broad survey of 17 microsatellite (CTT) n regions in the two extant species of Borderea by sampling 851 individuals from the single known population of B. chouardii and from 15 populations of B. pyrenaica, totaling 14467 analyzed genotypes of which 9502 were subjected to Bayesian testing.
We have used this large data set to test the inheritance patterns of the highly polymorphic microsatellite markers against the two competing hypotheses for ploidy origin (autopolyploidy vs. allopolyploidy) in the genus Borderea using a Bayesian approach. The correct assignment of alleles and inferred genotypes under each alternative would allow us to derive the inheritance pattern of each Borderea locus based on the relative support received from the data. These results could be of relevance to ascertain the patterns of inheritance and origins of other polyploid plant taxa.
MATERIALS AND METHODS

Sampling of Taxa
Genetic analyses based on microsatellite markers have recently unraveled the tetraploid nature of the Pyrenean endemic plant genus Borderea Miègeville (SEGARRA-MORAGUES et al. 2003 , 2004 . The genus Borderea comprises only two extant species (B. pyrenaica Miègeville and B. chouardii (Gaussen) Heslot) restricted to a narrow geographical area in the Central Pyrenees and Prepyrenees (GAUSSEN 1965; CATALÁN 2002, 2003) . The two Borderea species are orophyte taxa that share several biological attributes related to their dioecy, obligate outcrossing, and perennial long-life spans of more than 300 years (GARCÍA and ANTOR 1995; GARCÍA 2003) . However, they are differentiated for several morphological traits (GAUSSEN 1965; SEGARRA-MORAGUES and CATALÁN 2005a) as well as for their ecology and geographical distribution (SEGARRA-MORAGUES and CATALÁN 2005b) .
These taxa have long been considered to be diploid and to share a chromosome base number of x=12, deduced from the somatic 2n=24 chromosome counts by HESLOT (1953) in both species and from the gametic n=12 chromosomes found in pollen mother cells of the more widely distributed B. pyrenaica (HESLOT 1953; GAUSSEN 1965) . Pilot assays using different sets of primer pairs designed for the amplification of trinucleotide (CTT) n microsatellite regions in B. chouardii (SEGARRA-MORAGUES et al. 2003) and B.
pyrenaica (SEGARRA-MORAGUES et al. 2004 ) have revealed polyploid patterns of up to four alleles per individual for most surveyed loci (SEGARRA-MORAGUES et al. 2003 , 2004 . Preliminary tests for the cross-amplification of the B. chouardii loci in the pilot B. pyrenaica population also resulted in similar polyploid allelic patterns for the transferred loci (SEGARRA-MORAGUES et al. 2004) .
B. chouardii individuals were sampled in the single known population of this taxon, at the Prepyrenean locality of Sopeira (Huesca, Spain), totaling 47 samples (Bc01, Table 1 ). Individuals of B. pyrenaica were sampled across the entire geographical range of the species that occupies an area of ca. 160 km 2 in the Central Pyrenees and Prepyrenees, totaling 804 samples from 15 different localities.
Populations Bp01-Bp12 are located on the northern side of the Pyrenees, at Gavarnie (France), Bp13-Bp14 on the southern side of the Pyrenees, at the Pineta and Ordesa valleys (Spain), respectively, Bp15 at the Spanish Prepyrenean massif of Cotiella, and
Bp16 at the Spanish Prepyrenean massif of Turbón (Table 1) . Sampling included equal sex ratios in most populations.
Transferability of Microsatellite Loci between B. chouardii and B. pyrenaica
A total of 17 trinucleotide (CTT) n microsatellite or SSR (simple sequence repeats; TAUTZ 1989) regions were surveyed across all sampled individuals from both species. Ten of these microsatellite regions were previously isolated in B. chouardii (SEGARRA-MORAGUES et al. 2003) ; the remaining seven SSR regions were isolated from B. pyrenaica, as described in SEGARRA-MORAGUES et al. (2004) . In both cases enriched partial genomic libraries were constructed using streptavidin-coated M-280 magnetic beads (Dynal); ligated fragments were transformed into XL10-Gold ultracompetent cells (Stratagene) and positive clones were sequenced for primer design which was performed with PRIMER3 (ROZEN and SKALETSKY 1996) . Characteristics of primer pair sequences, repeat motifs, sizes of the sequenced regions, annealing temperatures of primer pairs, and GenBank accession numbers of the 17 microsatellite regions used for analysis are given in SEGARRA-MORAGUES et al. (2003 , 2004 . PCR Table 2 ).
The products were run on an ABI 310 automated sequencer (Applied Biosystems).
Amplified fragment lengths were assigned to allelic classes with programs GENESCAN and GENOTYPER (Applied Biosystems) using ROX-500 (Applied Biosystems) as the internal lane standard.
Assignment of SSR Alleles to Potential Genotypes
Because of the tetraploidy of the two Borderea species, individual genotypes could not be assigned directly from the scored SSR profiles as for diploids. In this case there exist two main alternative segregation patterns, corresponding to autotetraploidy and allotetraploidy. (4) as a baseline with all pairwise comparisons of peak ratios equaling 1:1 and in such manner genotypes could be recorded without having parent-offspring information .
Under the allotetraploid model (disomic inheritance) the observed amplification products of an individual may correspond to two different genomic complements, and alleles of each genome should be identified prior to the coding of genotypes. Individuals that show a single band can only be explained by homology or size homoplasy of alleles of the two genomic complements or by the existence of null alleles in one (or both) coexisting genomes, whereas individuals with four bands are interpreted as double heterozygous (for the duplicated loci). Alleles were assigned at random to each genomic complement beginning with individuals that showed two amplified peaks of similar ratio (therefore presumably homozygous for each allele in each complement). This assignment was checked for consistency in individuals with three and four amplified products, imposing the condition that a given individual could not present simultaneously more than two alleles previously assigned to a given complement ( Figure 1A) . Otherwise, the microsatellite region was considered to present size homoplasy between complements leading to inaccurate scoring of genotypes ( Figure   1B ). Those regions that could not be scored confidently for allotetraploidy were not included in the Bayesian analysis of the two competing hypotheses. This was usually due to the impossibility of assigning separate allele complements to each duplicate locus. Once a given individual with three bands was considered to be heterozygous for a given complement, then it was considered to be homozygous for the other, ruling out the possibility of null alleles and size homoplasies. We did this for each individual through a careful examination of both the amplification signal of each allele in the individual electropherograms and the observed patterns of inheritance across the entire sample of individuals for each species (see Results), aiming at reconstructing the corresponding genotypes in a consistent manner under both hypotheses of tetraploidy.
Bayesian Analysis of the Nature of Borderea Tetraploidy
Likelihood ratios of nested models are regularly used in hypothesis testing (LRT, likelihood ratio tests, EDWARDS 1972). Since we were dealing with two nonnested models, it was not possible to use LRTs to accept/discard one of them. Instead, Bayes factors represent a summary of the evidence provided by the data in favor of each hypothesis, and twice the natural logarithm of this factor, which is on the same scale as the LRT statistic, can be used as a guideline on the strength of the support the data give to one hypothesis with respect to the other (KASS and RAFTERY 1995; RAFTERY 1996) .
In this scale, 2log e (B allo,auto ) larger than 10 is considered as providing very strong support for the favored hypothesis (KASS and RAFTERY 1995) .
In order to discriminate between the two possible alternatives for the origin and nature of polyploidy in Borderea, we adopted a Bayesian approach. Hence, following KASS and RAFTERY (1995), we computed the Bayes factor in favor of allotetraploidy over autotetraploidy for each microsatellite region in each population:
where the probabilities )
are the marginal likelihoods of the data (y) at a particular locus in a particular population under each hypothesis. These probabilities were obtained integrating the joint density of data and the model parameters over the parameter space:
θ are the parameters (the allele frequencies at the specified locus) under
is the likelihood function, and
is the prior density.
For both models of inheritance the observed genotype and allele counts at a locus in a population follow a multinomial distribution under the assumption of HardyWeinberg equilibrium, while a Dirichlet distribution is proposed as a prior. This prior function is a conjugate prior of multinomial distribution (JOHNSON and KOTZ, 1969) .
Hence, the integral required for the marginal probability is analytically tractable.
Under the autotetraploidy hypothesis, we assume that the alleles segregate in a single locus, thus allowing for all possible allele combinations. The corresponding probability density of the data given the parameters for a specific microsatellite locus and population is defined as:
,..., 1 a n auto p p = θ is the vector of allele frequencies, n is the sample size, n g is the number of genotypes in the locus, n i is the number of individuals with the i-th genotype, n a is the number of alleles in the locus, x ij is the number of times that the j-th allele is present in the i-th genotype, and p j is the frequency of the j-th allele in the population.
As indicated above, the prior function is a Dirichlet distribution: ,..., 1 a n α α α = is the vector of hyperparameters. We had no previous data to estimate the allele frequencies j p , so we followed Jeffrey's rule to obtain a locally uniform prior, introducing the noninformative prior 2 / 1 ... 1 = = = a n α α (BOX and TIAO, 1973) .
The marginal probability of the data under the autotetraploidy hypothesis was finally achieved from the previously defined functions as: genotypes. In this case, the inheritance pattern corresponds to the simultaneous segregation at two loci, one from each parental genome, which may share some alleles, and the likelihood function for a specific microsatellite region and population is defined as: ,..., ,..., 2 2 21 , 1 1 11 a n a n p p p p allo = θ is the vector of allele frequencies of both loci, n hg is the number of genotypes in the h-th locus, n hi is the number of individuals with the ith genotype in the h-th locus, n ha is the number of alleles in the h-th locus, x hij is the number of times that the j-th allele is present in the i-th genotype of the h-th locus, and p hj is the population frequency of the j-th allele in the h-th locus.
Hence, following a development similar to the above one, the marginal probability of the data for this alternative was: ,..., ,..., 2 2 21 , 1 1 11 a n a n α α α α α = is the vector of hyperparameters.
Parametric Bootstrap Simulation of genotyped SSR loci in Borderea
As stated before, occasionally it was not possible to score confidently the genotypes for some microsatellite regions and populations of B. chouardii and B.
pyrenaica under the allotetraploidy hypothesis. Because of this restraint, these loci had to be excluded from the Bayesian analysis. However, these cases could be explained by the autotetraploidy model and their elimination could represent a bias against this alternative that would lead to an overestimate of the confidence for allotetraploidy. To overcome this potential bias, a parametric bootstrap simulation study (EFRON and TIBSHIRANI, 1993) was conducted with the genotyped data intending to test whether the presumed Bayesian support for allotetraploidy was still significant after a simulation that assumes the opposite model (autotetraploidy). For this, the value of the estimated Bayes factor obtained for each microsatellite region and population for which the allotetraploidy model was correctly genotyped was contrasted with an empirical distribution of this statistic. This distribution was obtained from the generation of 100,000 bootstrap replicates that simulated, under the autotetraploidy model, the corresponding locus, imposing the restriction that all these samples had to be consistent with the allotetraploidy model. Specifically, the data of each replicate was generated from the multinomial distribution ) , | ( p 
Linkage disequilibrium analysis
In order to check whether the surveyed SSR loci represented an independent set of markers in the Borderea genome, genotypic linkage disequilibrium was tested by Fisher's exact test both for each pair of loci and within each population with GENEPOP v. 3.3 (RAYMOND and ROUSSET 1995) using the Markov chain method with 100 batches and 10000 iterations/batch. Because multiple tests were involved, the sequential Bonferroni-type correction was applied to test for significance (RICE 1989) .
RESULTS
Cross-transferability and Levels of Polymorphism of Microsatellite Loci in
Borderea
All cross-amplifications of microsatellite loci in Borderea were successful. The Only three microsatellite regions (Bc1159, Bc1169, Bc166) rendered more alleles in B.
chouardii than in B. pyrenaica (Table 2) , although most alleles from the latter taxon are also present in B. chouardii. These facts further suggest a strong homology of the common microsatellites in these two species.
The less variable regions included those microsatellites for which the range of allelic variants was small and presented no more than two alleles per individual (Table   2 ). Locus Bp1286 was monomorphic for allele 123 in all analyzed individuals of both Borderea species. A BLAST search was performed with the sequence of the clone to test whether this locus could correspond to a chloroplast microsatellite region of Borderea. As none of the retrieved sequences with identity values higher than 80% corresponded to plastid DNA it was assumed that the locus could be assigned to an invariable SSR region of the Borderea nuclear genome. Bp2214 was also fixed for allele 213 in B. chouardii but presented two alleles (204, 216) in B. pyrenaica. On the other hand, Bp2256 was heterozygous and fixed for private alleles 220 and 223 in B.
pyrenaica, except for one triallelic individual that also showed allele 226 of B.
chouardii; this latter taxon showed fixed heterozygosity for alleles 226 and 232 (Table   2 ).
Other regions that yielded few alleles resulting in mono-or diallelic individuals of B. chouardii (Bc1551, Bc1644, Bp126, Bp2391) detected a broad spectrum of microsatellite allelic variability in B. pyrenaica (Table 2) , with some individuals presenting up to three or four alleles. Bp2290 was fixed for private allele 139 in B.
chouardii and Bp2391 showed fixed heterozygosity in this same species. The largest ranges of allele sizes were found in B. pyrenaica for regions Bc1422 (18 alleles), Bc1274 (24 alleles), and Bc1551 (25 alleles). Locus Bc166 was more variable in B.
chouardii than in B. pyrenaica, presenting up to 12 alleles in the former taxon but only up to four (3+one null) in the latter. The most frequent alleles for this region in B.
pyrenaica were 175 and 178 and showed a fixed heterozygous pattern in most studied individuals.
Bayesian Analysis of Autotetraploidy vs. Allotetraploidy in Borderea
Distribution patterns of microsatellite alleles varied significantly among the 17 analyzed regions and across individuals of the two Borderea taxa. Assignment of alleles to the potential parental genomes in each alternative case (autotetraploidy with tetrasomic inheritance vs. allotetraploidy with disomic inheritance) is a prerequisite for a rigorous statistical testing of the two competing hypotheses. This was achieved for most of the studied regions based on the comparative analysis of the distribution of alleles and allele-sets within individuals of each species and on the corresponding amplification dosage of those alleles. However, this latter parameter has been interpreted differently when considering autopolyploid and allopolyploid inheritance.
For instance, in allopolyploids amplification of alleles from one parental complement is not always as successful as that from the other, as observed in regions Bc1169, Bc1551, Bc1644, Bp126, Bp1286, and Bp2214 (Figure 2) , probably due to incomplete identity of the designed primers to the target regions in the heterologous chromosomes (CALLEN et al. 1993) . Conversely, in autopolyploids, matching of primers is considered equally probable for all homologous chromosomes, thus enabling interpretation of amplification profiles, the allele peak ratios, as a direct consequence of allelic dosage. Assignment of alleles to genotypes was completed for those regions that allowed unequivocal attribution of alleles to both the tetrasomic and the disomic inheritance models. This was performed for those loci that presented fewer than 18 alleles and that showed nonoverlapping segregation patterns of alleles in almost all examined individuals.
Fourteen and 11 out of the 17 studied microsatellite regions could be coded for via both tetrasomic and disomic inheritance modes in B. chouardii and in B. pyrenaica, respectively. Nine common microsatellite regions (Bc1169, Bc1258, Bc1644, Bp126, Bp1286, Bp2214, Bp2256, Bp2290, and Bp2391) were coded for both taxa. B. chouardii was also coded for regions Bc1145B, Bc1274, Bc1357, Bc1422, and Bc1551 and B. pyrenaica for Bc166. Five single-locus cases were present in B. chouardii (Bc1551, Bc1644, Bp126, (polymorphic), and Bp1286, Bp2214 (monomorphic) and four in B. pyrenaica (Bc1169, Bp126, and Bp2214, (polymorphic), and Bp1286 (monomorphic). Fixed diallelic heterozygous patterns were also observed in B.
pyrenaica for regions Bc166 and Bp2256 and for regions Bp2256 and Bp2391 in B.
chouardii. Some of the most polymorphic loci could not be satisfactorily coded for the disomic model due to the impossibility of confidently assigning alleles to each parental genome (i.e., Bc1357 in B. pyrenaica, Figure 1B ) and were not included in the Bayesian analysis.
Marginal probabilities of the data were computed for the two competing A similar pattern can be observed in the detailed analysis of B. pyrenaica, as only one microsatellite region (Bp1286) gave equal support to both alternatives. One region supported the disomic inheritance mode positively (2.67; Bc1169), though the value of the single population that showed this differential support was higher than 40 (Table 4 ). The remaining nine regions gave strong support to the allotetraploid hypothesis, although the strength of this support varied from a minimum log etransformed Bayes factor of 7.13 (Bp2214) to a maximum of 123.70 (Bc1644). There were two microsatellite regions, Bc166 and Bp2256, in which the disomic pattern was almost perfectly supported by the data in most populations whereas the marginal probability of the alternative was very low. In fact, in all microsatelliteregion/population combinations where individual Bayes factors supported the disomic over tetrasomic inheritance they did so with high support values. The remaining were cases where it was not possible to decide between the two alternatives because of the monomorphism of the region in the population.
Parametric bootstrap simulation analysis
Results based on the parametric bootstrap simulation study of each microsatellite region and population are also shown in Tables 3 and 4 . Basically, three situations were found: i) cases where it was not possible to implement the bootstrap procedure (NB) due to the monomorphic nature of the region; ii) cases where after the generation of 100,000 bootstrap samples none of them was consistent with the allotetraploidy model (which means that the p-value for rejecting allotetraploidy is lower than 10 -5 ), these cases have been labelled as *** and correspond to more than 50% of all bootstraped cases, and iii) cases where the empirical distribution of Bayes factor was obtained and the contrast with the estimated Bayes factor from the original sample could be performed. In these latter cases, it is remarkable the high statistical significance observed in all the corresponding tests, which have been identified as ** (Tables 3 and   4 ).
Linkage disequilibrium test
Although some monomorphic loci precluded the testing of all 2801 possible combinations, none of the 1083 tests for linkage disequilibrium performed between pairs of SSR loci within populations of both B. chouardii and B. pyrenaica was significant at p<0.05 after application of sequential Bonferroni corrections. Although it is not possible that all 17 regions are independent, since there are at most 12 linkage groups in 2n=24 species, this result indicates that the set of 17 SSR loci analyzed constitute a broad sample of the corresponding genomes of the two Borderea taxa.
DISCUSSION
Assessing patterns of inheritance and the origin of polyploidy in plants through
Bayesian analysis
The Bayesian approach developed in this study has provided strong support for the disomic inheritance of most microsatellite regions studied and, therefore, for The putative allotetraploidy of Borderea is consistent with amphipolyploidy being the most common mechanism for the appearance of polyploidy in angiosperms (STEBBINS 1971; SOLTIS and SOLTIS 2000; JENCZEWSKI and ALIX 2004) and offers new insights into the hybrid origin of this relictual genus and of its sister taxon Tamus L.
( CADDICK et al. 2002) . In disagreement with previous reports from HESLOT (1953) and GAUSSEN (1965) that considered x=12 to be the chromosome base number of the putative diploid Borderea taxa (2n=24) and of the putative tetraploid Tamus (2n=48) (GAUSSEN 1965) , our analysis suggests a lower chromosome base number of x=6 for the allotetraploid Borderea and for a potential allo-octoploid Tamus, which would be the smallest chromosome base number reported for the large and pantropically widespread family of the yams (HESLOT 1953; BURKILL 1960; DALHGREN et al. 1985) .
Microsatellite variation and the evolution of the Borderea genome
Our Bayesian analysis of microsatellite variation has provided unequivocal evidence on the allopolyploid nature of the two Borderea species. However, several microsatellite regions have not been analyzed for either B. chouardii (Bc1159, Bc166, Bp2292) or B. pyrenaica (Bc1145B, Bc1159, Bc1274, Bc1357, Bc1551, Bp2292) due to the impossibility of confidently assigning alleles to each parental genomic complement in the disomic inheritance hypothesis. Some of these microsatellite regions present the highest number of allelic variants for each taxon (Table 2 ) and thus represent the most polymorphic regions of the whole set. Based on the large proportion of disomic inheritance patterns detected for most microsatellite regions in the two Borderea species, it can be assumed that the 3 and 6 microsatellite regions that could not be confidently tested in B. chouardii and in B. pyrenaica, respectively, also have an allopolyploid origin. The inability to properly assign alleles to the parental genomes in those non-coded microsatellite regions derives from confounding overlapping ranges of allele sizes (i.e. loci Bc1145B and Bc1357 in B. pyrenaica, Figure 1B ) and from the risk of assuming the same disomic inheritance in the opposite taxon when allele ranges are large enough therein (i.e. locus Bc166 in B. chouardii and locus Bc1551 in B.
pyrenaica).
However, results obtained from the parametric bootstrap simulation study clearly show that despite the lack of analysis of the above mentioned microsatellite regions the data is still overwhelmingly supportive of allotetraploidy This conclusion is based on the following facts: (1) the observed Bayes factor far exceeds the expected Bayes factors under autotetraploidy even after correction for assessment bias (Tables 3   and 4 chouardii). However, the present data do not allow to further discern between these alternative evolutionary scenarios (i.e., the allotetraploid Borderea taxa could have had a single hybrid origin followed by a later divergence or could have originated separately being the only tetraploid remnant species from a larger reticulate complex). Genomic in situ hybridization (GISH) analysis using genomic DNA of one of the species as a probe for the other could be applied to shed some light in this issue, given that the presumed parental taxa of Borderea are now extinct. • , alleles of locus b), imposing the condition that a given individual cannot present more than two alleles previously assigned to each duplicated loci. Note that in the case of Bc1357 allelic size homoplasy between both loci appears in some tetrallelic individuals (lanes 10-12) that show three alleles previously assigned to locus Bc1357a, precluding thus the encoding of genotypes for the allotetraploid hypothesis. In this case the inferred genotypes for individuals 1-9 may also be inaccurate and therefore this microsatellite region was not considered in the Bayesian analysis. Single locus
